Rigid Body Kinematics 


A rigid body is a system of particles for which the distances between the 
particles remain unchanged. 

Consider an object /body and suppose particles of that body located by 
position vectors from reference axes attached to and rotating with the 
body. 


In case of rigid body, there will be no change in any position vector as 


measured from these axes. 


This is, however, an ideal situation since all solid materials change shape 
to some extent when forces are applied to them. 


If the movements associated with the changes in shape are very small 
compared with the movements of the body as a whole, then the 


assumption of rigidity is acceptable. 


In rigid-body kinematics, same relationships are used (as in particle 
motion) but the equations for rotational motion of the body are also 


included. 


Thus rigid-body kinematics involves both linear and angular 


displacements, velocities, and accelerations. 


The knowledge of kinematics of rigid bodies is used in devices that 
generate, transmit, or control certain motions such as gears, cams, and 


several other mechanical parts. 


The displacement, velocity, and acceleration data of mechanical parts is 


required to determine their design geometry. 


Plane motion 


In plane motion, the motion of a rigid body is such that all its points move 
parallel to some fixed plane. 


or, a rigid body executes plane motion when all parts of the body move in 
parallel planes. 


The planar motion occurs when the path of the particles (of a rigid body) 
is such that their (particles’) locations remain equidistant from a reference 


fixed straight plane. 


Path of rectilinear translation Path of curvilinear translation 


(b) 


Rotation about a fixed axis General plane motion 


(c) (d) 


For convenience, we consider the plane of motion to be the plane which 
contains the mass center. The body is treated as a thin slab whose 
motion is confined to the plane of the slab. 


There are three types of rigid-body planar motion. In order of increasing 
complexity, they are: 


Translation 


It is defined as any motion in which every line in the body remains parallel 
to its original position (orientation) at all times. 


In translation there is no rotation of any line in the body. 


In rectilinear translation, all points in the body move in parallel straight 
lines. 
In curvilinear translation, the paths of motion are along curved lines and 


all points move on congruent curves. 


Type of Rigid-Body Plane Motion Example 


(a) 
Rectilinear 
translation 


Rocket test sled 


(b) 
Curvilinear 
translation 


Parallel-link swinging plate 
(e) 


Fixed-axis 
rotation 


Compound pendulum 


(d) 
General 
plane motion 
Connecting rod in a 
reciprocating engine 


Rotation about a fixed axis is the angular motion about the axis. 


All particles in a rigid body move in circular paths about the axis of 
rotation, and all lines in the body rotate (except passing through axis) 


through the same angle. 


General plane motion 


When a body is subjected to general plane motion, it undergoes a 


combination of translation and rotation. 


In Figure, the translation occurs within a reference plane, and the rotation 


occurs about an axis perpendicular to the reference plane. 


Curvilinear translation 


General plane motion 


Rectilinear translation Rotation about a fixed axis 


Analysis of Translation Motion 
Consider a rigid body which is subjected to either rectilinear or curvilinear 


translation in the x-y plane. 


X 


Translating 
coordinate system 


O Fixed 
coordinate system 


Position: The locations of points A and B on the body are defined 


with respect to fixed x, y reference frame using position vectors ra and re. 


The translating x, y coordinate system is fixed to the body and has its 
origin at A, hereafter referred to as the base point. The position of B with 


respect to A is denoted by the relative-position vector rpya. 
By vector addition, 
rp = r4 + TB/A 


Velocity A relation between the instantaneous velocities of A and B 
is obtained by taking the time derivative of this equation, which yields 


Yg = VA T drga /dt. 
The term 
drga /dt = 0 


since the magnitude of rs/a is constant by definition of a rigid body, and 
because the body is translating the direction of rsa is also constant. 


Therefore, 
Vg 7 VA ag = a 
The above two equations indicate that all points in a rigid body 


subjected to either rectilinear or curvilinear translation move with the 


same velocity and acceleration. 


Therefore, the results of kinematic analysis of particle motion can also be 
used to specify the kinematics of points located in a translating rigid body. 


Analysis for Rotation about a Fixed Axis 


When a body rotates about a fixed axis, any point P located in the body 
travels along a circular path. 


Angular Motion 


Since a point is without dimension, it cannot have angular motion 


(rotation). Only lines or bodies undergo angular motion. 


For example, consider the body shown and the angular motion of a radial 
line r located within the shaded plane. 


Angular Position 


At the instant shown, the angular position of r is defined by the angle 9, 


measured from a fixed reference line. 
Angular Displacement 


The change in the angular position, which is measured as a differential 


angle d9, is called the angular displacement. 


The magnitude of d9 is measured in degrees, radians, or revolutions, 


where 1 rev = 27 rad. 


Since motion is about a fixed axis, the direction (or line of action) of dO 
may be expressed by the vector normal to the plane of rotation with a 
sense governed by the right-hand rule. 


That is, the fingers of the right hand are curled with the sense of rotation, 
so that in this case the thumb, or d9, points upward. 


In two dimensions, as shown by the top view of the shaded plane, both 8 
and d9 are counterclockwise, and so the thumb points outward from the 


page. 
Angular Velocity 


The time rate of change in the angular position is called the angular 


velocity w (omega). Since d8 occurs during an instant of time dt, then, 


The magnitude of this vector is often measured in rad/s. 


w can be expressed here in scalar form since its direction is already 


known (considered to be along the axis of rotation). 


When indicating the angular motion we can have the rotation as 


clockwise or counterclockwise. 


The counterclockwise rotation is arbitrarily chosen as positive and 
indicated this by the curl shown in parentheses next to Equation (1). 


Angular Acceleration 


The angular acceleration a (alpha) measures the time rate of change of 
the angular velocity. The magnitude of this vector is 


ie) ae 
(G+) eo da or a= r 
dt dt 


(2) 


The line of action of a is the same as that for w; however, its sense of 
direction depends on whether w is increasing or decreasing. 


If w is decreasing, then a is called an angular deceleration and therefore 
has a sense of direction which is opposite to w. 

By eliminating dt from Equations (1) and (2), a differential relation 
between the angular acceleration, angular velocity, and angular 


displacement is obtained 
AA 
ad@ = w dw 
SS 
(3) 
Constant Angular Acceleration 


If the angular acceleration of the body is constant i.e. a = ac, then 
Equations (1), (2) and (3), when integrated, yield a set of formulas which 


relate the body’s angular velocity, angular position, and time. 


w = W + Qt 
0 = bo + wot + jad 


w = w + 2a(0 — Oo) 
Constant Angular Acceleration 


Here 8o and wo are the initial values of the body’s angular position and 
angular velocity, respectively. 

Position and Displacement 

The position of P is defined by the position vector r, which extends from O 
to P. If the body rotates d9 then P will displace ds = rdé. 

Velocity 

The magnitude of velocity of P can be found by dividing ds = rd@ by dt to 


get following equation: 


The direction of v is tangent to the circular path. 


The magnitude and direction of v at point P can also be determined from 
any point on the axis of rotation. Let, rp is a position vector directed to 
point P. 


v can now be determined by taking the cross product of w and rp 


The direction of v is established by the right-hand rule. 


The fingers of the right hand are curled from w toward rp (v “cross” rp). 
The thumb indicates the direction of v, which is tangent to the path in the 


direction of motion. 

The magnitude of v in Eq. 4 is 
v = orpsind 

In addition from Figure 

r = rpsin œ. 

Thus 

v= or 

Acceleration 


The acceleration of P can be expressed in terms of its normal and 


tangential components. 


a, = dv/dt and a, = v*/p 


where p = r,v = or, anda = dw /dt. 


| = F l > | 
Ei et | aa = OT | 
The tangential component of acceleration represents the time rate of 


change in the velocity’s magnitude. 


If the speed of P is increasing, then at acts in the same direction as v. If 
the speed is decreasing, then at acts in the opposite direction as v. 


The normal component of acceleration represents the time rate of 
change in the velocity’s direction. The direction of an is always toward O, 
the center of the circular path, 


Like the velocity, the acceleration of point P can be expressed in terms 
of the vector cross product. Taking the time derivative of 


dy dw drp 
a = = X Ip +t wX 
dt dt dt 
but œ = dw/dt and drp/dt = v = w X rp 


a=a Xrpt+ wX (@ X Trp) 


From the definition of the cross product, the first term on the right has a 
magnitude 


a, = arpsin d = ar. 
Using the right-hand rule, a x rp is in the direction of at, 


Likewise, the second term has a magnitude 


a, = w’rpsin d = wr 


Applying the right-hand rule twice, first to determine the result v = w x rp 
then w x v, it can be seen that this is in the same direction as an, shown in 


Figure. 


Noting that this is also the same direction as -r, which lies in the plane of 


motion, we can express an in a much simpler form as an = -w?r. 


If two rotating bodies contact one another the velocity and tangential 
components of acceleration of the points in contact will be the same. 


However, the normal components of acceleration will not be the same. 


For example, consider the two meshed gears in Figure. Point A is located 


on gear B and a coincident point A’ is located on gear C. 


Due to the rotational motion, va = va’, and as a result, Wels = wcrc OF We = 


wc(rc/rg). In the similar manner, (aa): = (aa’)t, so that asg = Ac(rc/re); 


Since both points follow different circular paths, (aa)n # (aA’)n and 


therefore, aa # aa’ 
| f 


aa (aa) (a4), “4 


(a, k Ja 


A’ 


Absolute Motion Analysis (General Planar motion) 


In the earlier discussion of absolute analysis (particle motion), no angular 


quantities were considered in the geometric relations. 


While dealing with rigid-body motion, however, the relations include both 


linear and angular variables. 


Similarly, the time derivatives of these quantities involve both linear and 


angular velocities and linear and angular accelerations. 


A body subjected to general plane motion undergoes a simultaneous 


translation and rotation. 


The motion can be completely specified by knowing both (i) the 
angular rotation of a line fixed in the body and (ii) the motion of a point on 
the body. 


One way to relate these motions Is to use a rectilinear position 
coordinate s to locate the point along its path and an angular position 
coordinate 9 to specify the orientation of the line. 


The two coordinates are then related using the geometry of the problem. 


lf the geometric configuration is complex, analysis by the principles of 


relative motion is preferable. 


Relative-Motion Analysis: Velocity 


The general plane motion of a rigid body can be described as a 


combination of translation and rotation. 


To view these “component” motions separately, a relative-motion analysis 


involving two sets of coordinate axes is performed. 


The x, y coordinate system is fixed and measures the absolute position of 
two points A and B on the body (here represented as a bar in Figure). 


The origin of the x’, y’ coordinate system will be attached to the selected 


“base point” A, which generally has a known motion. 


r 


y 


X 


Translating 
reference 


O * 
Fixed reference 
The axes of this coordinate system translate with respect to the fixed 
frame but do not rotate with the bar 


Position: The position vector ra in Figure specifies the location of the 
“base point” A, and the relative-position vector rsa locates point B with 
respect to point A. By vector addition, the position of B is then 


Displacement: During an instant of time dt, points A and B undergo 
displacements dra and drs. If the general plane motion is considered by 
its component parts then: 


(i) The entire bar first translates by an amount dra so that A, the 
base point, moves to its final position and point B moves to B’. 
(ii) The bar is then rotated about A by an amount d9 so that B’ 


undergoes a relative displacement drga and thus moves to its 
final position B. 


dr, aA 


IB 


drg 


Time t Time t + dt B S 


General plane 


i Rotation 
motion 


Translation 


Due to the rotation about A, drsa = rea dO, and the displacement of B is 


due to rotation about A 
due to translation of A 
due to translation and rotation 


Velocity: To determine the relation between the velocities of points A 
and B, the time derivative of the position equation is taken, or simply the 
displacement equation can be divided by dt. 


drg x dr, dr pi, 
dt dt dt 


The terms drp/dt = ve and dra/dt = va are measured with respect to 
the fixed x, y axes and represent the absolute velocities of points A and 


B, respectively. 


Since the relative displacement is caused by a rotation, the magnitude of 


the third term is: 
drgją/dt — FB/A dé /dt = rp/a0 — YR/A® 


Path of 
point A 


Path of 
point B Rotation about the 
. base point A 
General plane motion Translation 
The term rga w or vga is relative velocity, since it represents the 
velocity of B with respect to A as measured by an observer fixed to the 


translating x, y axes. 


In other words, the bar appears to rotate an angular velocity w about the 
z’ axis passing through A. 
Consequently, vsa has a magnitude of Ve/a= wrea and a direction which 


is perpendicular to rsa. We therefore have 


Ya = Va + Vaja | 


The equation ve = va + vga States is that the velocity of B is determined by 
considering the entire bar to translate with a velocity of va, and rotate 


about A with an angular velocity w, 


Since the relative velocity vsa represents the effect of circular motion, 
about A, this term can be expressed by the cross product 


The velocity equation may be used in a practical manner to study the 
general plane motion of a rigid body which is either pin connected to or in 
contact with other moving bodies. 


When applying this equation, points A and B should generally be selected 
as points on the body which are pin-connected. 


Relative-Motion Analysis: Acceleration 


An equation that relates the accelerations of two points on a bar (rigid 
body) subjected to general plane motion may be determined by 


differentiating vs = va + vsa with respect to time. 


dyg dva n dY BJA 
dt dt dt 


The terms dvs/dt = as and dva/dt = aa are measured with respect to 
a set of fixed x, y axes and represent the absolute accelerations of points 
BandA. 


The last term represents the acceleration of B with respect to A as 
measured by an observer fixed to translating x’, y? axes which have their 
origin at the base point A. 


apa can be expressed in terms of its tangential and normal components; 
agja = (agja); + (aB/A)n 

From previous results 

(agja): = Orgy, and (agjA)n = OT B/A 


The relative-acceleration equation can be written in the form 


| ag = aq + (agja) + (aB/A)n 


The terms in above equation are represented graphically in Figure. 


It is seen that at a given instant the acceleration of B, is determined by 
considering the bar to 


(i) translate with an acceleration aa and simultaneously 
(ii) rotate about the base point A with an instantaneous angular 


velocity w and angular acceleration a. 


B 


— Path of Rotation about the 


; i Translation y 
General plane motion point B Sere base point A 


Since the relative-acceleration components represent the effect of 
circular motion observed from translating axes having their origin at the 
base point A, these terms can be expressed as 
2 

(ag/a) = œ X Veja (ag/A)n = —W'TB/A 
The absolute acceleration of B now is written as: 

ap = a, TAUA TB/A =, wT ps 
The above equation can be applied to study the accelerated motion of a 
rigid body which is pin connected as shown in Figure. 


The points which are coincident at the pin move with the same 
acceleration, since the path of motion over which they travel is the same. 


For example, point B lying on either rod BA or BC of the crank 
mechanism shown in Figure has the same acceleration, since the rods 


are pin connected at B. 


Here the motion of B is along a circular path, so that as can be expressed 


in terms of its tangential and normal components. 


At the other end of rod BC point C moves along a straight-lined path, 
which is defined by the piston. Hence, ac is horizontal. 


Consider a disk that rolls without slipping as shown in Figure. 
As a result, va (or vic) = 0 and the velocity of the mass center G is 


vG = V4 + w X rga = 0 + (-ok) X (rj) or Ug = wr 


Since G moves along a straight line, its acceleration in this case can be 
determined from the time derivative of its velocity 


a ag = ar 


Mass Moment of Inertia 


Since a body has a definite size and shape, an applied non-concurrent 
force system can cause the body to both translate and rotate. 


The rotational aspects, caused by a moment M, are governed by an 
equation of the form M = la. The symbol | in this equation is termed the 


mass moment of inertia. 


By comparison, the moment of inertia is a measure of the resistance 
of a body to angular acceleration (M = la) in the same way that mass is 


a measure of the body’s resistance to acceleration (F=ma) 


If a component has a large moment of inertia about its axis of rotation, 
once set into motion, it is difficult to stop it. An example is a flywheel on 


an engine. 


Z 


The moment of inertia is defined as the integral of the “second moment” 


about an axis of all the elements of mass dm which compose the body. 


The “moment arm” r is the perpendicular distance from the z axis to 


the arbitrary element dm. 


As the formulation involves r, the value of | is different for each axis about 


which it is computed. 


The axis chosen for analysis generally passes through the body’s mass 


center G. 


Since r is squared in equation, the mass moment of inertia is always a 
positive quantity. 


Common units used for its measurement are kg-m*? or slug-ft?. 


If the body consists of material having a variable density, p= p (x,y,Z), 
the elemental mass dm of the body can be expressed in terms of its 


density and volume as dm = p dV. 


i= J rpdV 
V 


Parallel-Axis Theorem If the moment of inertia of the body about an axis 
passing through the body’s mass center is known, then the moment of 
inertia about any other parallel axis can be determined by using the 


parallel-axis theorem. 


Consider a mass m as shown in Figure. Selecting the differential element 
of mass dm, we can express the moment of inertia of the body about the 


X axiS as: 


dlx = (Yo + dx)*dm 


= | vam +24, Í yodm + až f am 


The second integral is zero, since integral of yo dm = Yom 
Yo is zero with the mass center is on the xo-axis. 


Ix = Iç + md2 


The transfer of axes cannot be made unless one axis passes through the 


center of mass and unless the axes are parallel. 


Occasionally, the moment of inertia of a body about a specified axis is 
reported in handbooks using the radius of gyration, k. 


This is a geometrical property which has units of length. When it and the 
body’s mass m are known, the body’s moment of inertia is determined 


from the equation: 


or 


Kinetics of a Rigid Body 


Planar Kinetic Equations of Motion 


In the study of planar kinetics, the rigid bodies along with their loadings 


are considered to be symmetrical with respect to a fixed reference plane. 


The motion of the body in such analysis is viewed within the reference 
plane and all the forces (and moments) acting on the body is projected 
onto the same plane. 


An example of an arbitrary body of this type is shown in Figure. 


Force Equation 


The force equation (which may be referred to as the translational 
equation of motion) for the mass center of a rigid body states that 


‘the sum of all the external forces acting on the body is equal to the 


body’s mass times the acceleration of its mass center G’. 


For motion of the body in the x-y plane, the force equation of motion may 
be written in the form of two independent scalar equations, 


=F = mag >F. = m(dg)x 
SF, = mag), 


Moment Equation 


The moment equation determined the effects caused by the moments of 
the external force system. It is computed about an axis perpendicular to 
the plane of motion (the z axis) and passing through point P (in Figure). 


This equation is also termed as Equation of Rotational Motion. 


Particle free-body diagram Particle kinetic diagram 


As shown on the free-body diagram of the ith particle, Fi represents the 
resultant external force acting on the particle and fi is the resultant of the 


internal forces caused by interactions with adjacent particles. 
The mass of particle is mi and force causes acceleration ai. 


Summing moments about point P, we have 


rXF;+rxf; =r X mai 


or (Mp); =r X ma; 


The moments about P can also be expressed in terms of the acceleration 
of point P. Absolute acceleration at location ‘i’ can be related with 


acceleration at P as: 
ai = ap + aip Where ai/p = AX r — w°r 
where a is angular acceleration a and w is angular velocity. 
(Mp); = m;r X (ap + @ X r — owr) 
= mfr X ap +r X (a X r) — or X r)] 
The last term is zero, since r x r = 0. 


Expressing the vectors with Cartesian components and carrying out the 
cross-product operations yields: 


(Mp);k = m;{ (xi + yj) X [(ap) i + (ap), j] 
+ (ai + yj) X [ak X (i + yj)]} 


(Mp);k = ml—y(ap), + x(ap), + ax? + ay’|k 


C (Mp); = m{—y(ap), + x(ap), + ar’| 


Letting mi — dm and integrating with respect to the entire mass m of the 
body, the resultant moment equation is obtained 


G>Mp = — ( f y dmj (ap), + ( J x dmj (ap), + ( J Pdm)a 


Here Mp represents only the moment of the external forces acting on the 
body about point P. The resultant moment of the internal forces is zero, 


The integrals in the first and second terms on the right are used to locate 
the body’s center of mass G with respect to P. The three terms are 
simplified as 


— mi ? 

ym = fydm xm = fxdm Ip = [rdm 
The first two integrals are first moment. x is the mean x distance of all 
particles with P i.e distance between G and P. 


The product of various masses and distances measured from any 
reference location gives product of average distance and total mass. 


The last integral represents the body’s moment of inertia about the z axis 


The equation now becomes 


G=Mp = —ym(dp), + xm(ap), + Ipa (1) 


It is possible to reduce this equation to a simpler form if point P coincides 
with the mass center G for the body. If this is the case, then x = y = 0. 


The equation now becomes >) Mg = Iga 


Ne 
F, Free-body diagram 
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The moment equation (or rotational equation of motion) states that 


“the sum of the moments of all the external forces about the body’s mass 
center G is equal to the product of the moment of inertia of the body 


about an axis passing through G and the body’s angular acceleration’. 


Equation (1) can also be rewritten in terms of the x and y components 
of ac and the body’s moment of inertia lc. If point P is located at (x, y), 
from G then by the parallel-axis theorem, 


lp = le + m(x? + yA (2) 
ap can be expressed in terms of ac as 


a; =aptaxXfr-or 

(achi + (ac) j = (api + (ap)yj + ak X Gi + Fj) — oI + Yi) (3) 
Solving (1), (2) and (3) and rearranging terms gives 

G = Mp = —ym(ag), + Xm(ag)y + Iga 


The result indicates that the sum of moments of the external forces about 


point P is equal to the sum of the “kinetic moments (Mx)p” i.e. 


Mp = X(M,)p 


The kinetic moments include moment of mac about P and the moment 


lca. 


Kinetic diagram 


The independent scalar equations thus describing the general plane 
motion of a symmetrical rigid body are: 


ZF, = mag), LF, = m(ag), 


Z Mg = Iga Mp = S(M,)p 


Equations of Motion: Translation 


When the rigid body undergoes a translation, all the particles of the body 


have the same acceleration. 


Furthermore, a = 0, in which case the moment equation of motion applied 
at point G reduces to a simplified form, namely, Me = 0. 


Rectilinear Translation 


The free-body and kinetic diagrams are shown in Figure. The 


equations of motion are: 


2F, = mag), F, = mag), eM — 0 


It is also possible to sum moments about other points on or off the body, 


in which case the moment of mac must be taken into account. 


For example, if point A is chosen, which lies at a perpendicular distance d 


from the line of action of maa, the following moment equation applies: 
C+M, = Z(M); ÈM, = (mag)d 


Curvilinear Translation 


All the particles of the body have the same accelerations as they travel 
along curved paths. The three scalar equations of motion are then 


2 F, = mag), F, = mag), XMg = 0 


lf moments are summed about the arbitrary point B, then it is necessary 


to account for the moments, }; (Mx )s of the two components. 


The components of moment are m(ac)n and m(ac): about point B. 


m(ac); 
a P 
L 


From the kinetic diagram, h and e represent the perpendicular distances 


(or “moment arms”) from B to mass center. 


The required moment equation therefore becomes 
GC +ÈMpg = X(M,)p; ÈM; = elm(ag),] — hlm(dag),] 


Rotation about a Fixed Axis 


Consider a rigid body (or slab) which is constrained to rotate in the 
vertical plane about a fixed axis perpendicular to the page and passing 


through the pin at O. 


The angular velocity and angular acceleration are caused by the external 
force and couple moment system acting on the body. 


Because the body’s center of mass G moves around a circular path, the 
acceleration of this point can be represented by its tangential and normal 


components. 


The tangential component of acceleration of the body’s mass center has 


a magnitude of (ac) = are. 


The magnitude of the normal component of acceleration is (aq)n = Wr. 
(ac)n component is always directed from point G to O, regardless of the 


rotational sense of w. 


JF 


ZF, = m(ag), = marg =F, = m(ag); = marg 


È Mg = Iga 


lc is the body’s moment of inertia calculated about an axis which is 


perpendicular to the page and passes through G. 


Often it is convenient to sum moments about the pin at O in order to 


eliminate the unknown force Fo. 
G+2Mo = È(Mi)o; Z Mo = rem(ag), + Iga 
Note that the moment of m(ac)n is not included here since the line of 
action of this vector passes through O. 
Substituting (ac): = rea, we may rewrite the above equation as 
Mo = (le + mre?)a. 


la + mre? represent the moment of inertia of the body about the fixed axis 
of rotation passing through O (lo). loa accounts for the “moment” of both: 
m(ac) and le a about point O 


ZF, = m(ag)n E mw rG >F, ra m(dc); = Marc 
2,Mo = Toa 
General Planar Motion 


The three equations of motion for the general planar motion are similar to 


case of rotation. 


XF, = mag) $ Mçg = Ica 
23F, = m(ag)y ~Mp = X(M)p 


2(Mk)p represents the moment sum of /ca and mac. 


Motion of the equilateral triangular plate ABC in its plane is controlled by 
the hydraulic cylinder D. If the piston rod in the cylinder is moving upward 
at the constant rate of 0.3 m /s during an interval of its motion, calculate 
for the instant when = 30° the velocity and acceleration of the center of 
the roller B in the horizontal guide and the angular velocity and angular 
acceleration of edge CB. 


Crank CB oscillates about C through a limited arc, causing crank OA to 
oscillate about O. When the linkage passes the position shown with CB 
horizontal and OA vertical, the angular velocity of CB is 2 rad /s 
counterclockwise. For this instant, determine the angular velocities of OA 
and AB 


The uniform 5 kg bar is Suspended in a vertical position with an accelerating 
object and restrained by wire BC. If the acceleration is a = 0.6g, determine 
tension T in the wire and magnitude of total force supported by pin at A. 


A semicircular plate of uniform thickness weighs 150 Ib and is raised from 
rest by the parallel linkage of negligible weight under the action of a 500 
lb.ft couple M applied at the end of the link. Calculate the components 
normal and tangent to AB of the shear force supported by the pin at A an 
instant after the couple M is applied. 


The 30-in slender bar weighs 20 Ib and is mounted on a vertical shaft at 
O. If a torque M = 100 Ib.in is applied to the bar through its shaft, 
calculate the horizontal force R on the bearing as the bar starts to rotate. 


18” 


ÁA ‘ X M 


L 


The slender bar weighs 60 Ib and moves in the vertical plane, with its 
ends constrained to follow the smooth horizontal and vertical guides. If 
the 30-Ib force is applied at A with the bar initially at rest in the position for 
which angle is 30°, calculate the resulting angular acceleration and the 
forces on the small end rollers at A and B. 


